Introduction
A comprehensive understanding of transport mechanisms requires some knowledge of the physico-chemical properties of acylglycerols (glycerides) and bile salts (BS) with reference to their behavior in an aqueous environment. The dietary intake of fat, mainly triacylglycerol ( triglyceride) ranges approximately from 50 to 70 g/d in the average Japanese adult. It is known that the absorption of dietary triglyceride is an extremely efficient (> 95%) process. Emulsification, which starts in the stomach by mechanical means prior to absorption, takes place with aid of bile salts in the upper intestine. Since the BS's themselves are poor emulsifiing agents, they are likely to need some cooperation with the other surface active substances for emulsification. Lecithin as well as bilirubin participates in emulsification and also the products of lipolysis, i. e. , mono-and diacylglycerols ( diglycerides ) and fatty acids are considered to play a contribu- BTMG" involves all solution states such as singly dispersed BTMG molecules, hydrolyzed species of singly dispersed and micellar forms, and solubilized and/or emulsified BTMG molecules with or without aid of BS's. Therefore the word "dissolution" does not mean simply the thermodynamically defined "solubility" of BTMG but includes various states of dispersion in solution. So instead of dissolution, the term "di spersion" is used hereafter.
As has been shown above, the automatic hydrolysis of monoglyceride takes place and this does not allow us to correctly evaluate the ability of each BS in the dispersion of monoglycerides in aqueous media. Thus, it is desirable to investigate to what extent the pH acts on the hydrolysis or the dispersion of BTMG. We prepared three phosphate buffer solutions; pH=-4. 0, 9. 5 and 11.0 and one saline solution (0. 15M NaCl) as solvents.
In Fig. -3 are given the plots of incubation time (d) vs. the concentration of dispersed BTMG which is expressed in terms of glycerol concentration (mg/dL). The curve at pH 11. 0 still shows a conspicuously increasing trend even though 9 d have gone by, and the curve at pH 9. 5 also shows a continuous increase. In contrast, both the systems in saline and in buffer of pH 4. 0 show to reach their dispersion equilibrium within 1 d, and give very low equilibrium values compared to the systems of pH 9. 5 and pH 11. 0. As pH is raised, saponification (hydrolysis) of BTMG is promoted and thus more auto-solubilization is caused by produced soap micelles. In the neutral pH range, the saponification is found to be restricted to a small extent. Taking into account the above results, we decided to employ the saline solution as the solvent hereafter in order to evaluate the dispersion power of each BS.
We at first obtained the dispersion curves of BTMG and MO saline solutions with and without addition of BS's as a function of incubation time, and confirmed that the dispersion reached an equilibrium within 20-30 h. The concentration changes in dispersion of BTMG and MO in the various solutions are plotted as a function of incubation time as shown in Figs. -4 and 5 respectively, the concentration of bile salts being the upper value (10 mM) and the lower value (5 mM) of small intestine in digestion.
It should be again noted that the monoglycerides of both saturated and unsaturated fatty acids are spontaneously ( even without addition of catalyst for the hydrolysis) hydrolyzed during the experiments and that the concentration of monoglyceride with saturated fatty acid solubilized by TUDC is almost similar to the concentration of those hydrolyzed spontaneously in saline ( see Fig. -4) . The concentration of 5 mM TUDC is close to its cmc ( critical micelle concentration). This means that TUDC itself is very poor in solubilizing monoglyceride having a saturated hydrocarbon chain. However, as is seen in Fig. -5 
The solubilization for cholesterol monohydrate (ChM)7)'10),11) and that for acid form of each BS11) have been compared between CDC and UDC and/or between TCDC and TUDC in terms of the molecular number of each BS required to solubilize a solubilizate molecule. We have introduced a measure of solubilizing power (Sp) defined as Sp =dw/d ( C-cmc)=-dw/dC, w, here, is the molar concentration of solubilized species and C is the total concentration of BSI'. In the concentration range sufficiently higher than cmc (above ca. 20 mM), the plot of w vs. C, in most cases, shows a linear relation.
This fact, Here let us consider a problem of hydrophobicity and hydrophilicity which must be closely related to aggregation and dispersion in water. Since CDC and UDC are different from each other just in terms of the hydroxyl group configuration balance) is the same between them (according to Kawakami's empirical expression13),HLB =1. 27). As has been reported, however, they show a conspicuously different behavior with respect to lipid solubilization, surface activity etc. This indicates that the HLB cannot be the case for bile salts, that is, it does not work as a measure of the hydrophilicity or lipophilicity. Instead of HLB, Miyajima et al. ' have proposed the "Hydrophobic Index (HI)" which was evaluated from the ratio of computed areas of hydrophobic and hydrophilic 5. 48). The larger the HI value, the stronger the hydrophobicity, so that CDC should exhibit a stronger hydrophobic behavior compared with UDC. The results clearly showed that CDC had a lower cmc and a stronger surface activity or a higher degree of surface tension depression as was predicted by the HI values15) (See Footnote ).
Turning to the structure formation of aggregates with guest molecules, in the case of CDC and UDC with cholesterol, Carey et al.10) derived the simplest possible scheme from a thermodynamic consideration. In their model, surface adsorption of cholesterol occurs by hydrocarbon-hydrocarbon contact onto the hydrophilic face of the bile salt micelle. This interaction may also involve OH-OH group interactions between cholesterol and the bile salt. However they did not necessarily deny a possible model analogous to the idea of a palisade layer, into which a cholesterol molecule is inserted, as is seen in common surfactant systems.
The equilibrium values of dispersion in various saline solutions are shown in Fig.-6 . TCDC is superior to TUDC in solubilization for both BTMG and MO. We can say that MO is much more dispersed than BTMG is in both TCDC and TUDC solutions. It is noteworthy that the solutions in which BTMG was dissolved by an incubator were always clear by naked eye even after the filtration, while MO solutions were slightly turbid always even after the filtration by 0. 22 p m microfilter. These facts suggest that the saturated monoglycerides are solubilized in the course of forming mixed micelles while the unsaturated monoglycerides are dispersed in forming emulsion. It may correspond to the fact that vegetable oil containing much unsaturated fatty acids is more easily digested than animal fat.
MO was dissolved in the 10 mM TCDC and 10 mM TUDC and in the 5 mM TCDC-5 mM TUDC (total BS concentration : 10mM) mixed solution (see Fig.-7) . The MO concentration dispersed in the mixed bile salt solution was found to be just the mean value between those of the 10 mM TCDC and the 10 mM TUDC. This fact suggests that not only our experimental methods were correctly applied, but also all BS's are mobilized in forming emulsion. In other words, if MO were dispersed only by bile salt micelles, the total concentration less cmc of mixed micellar solution should have been correspondingly related to the dispersion, and thus the mixed bile salt micellar solution could not have shown just the mean value.
In connection with the distinction of emulsion from mixed micellar solution of MO-BS systems, it should be considered that whether emulsification or solubilization occurring in the MO-BS solution depends on the amount of MO given in excess, that is, the extent of excess determines which type of the two solution states occurs. We have previously reported the solubilization and the cmc data for the same MO-BS's mixed systems15, while in this paper we are going to present an emphatic contrast. In the previous study, by adding an essential minimum excess amount of MO into the BS (1) here, represents the same facts described just above. As mentioned before, these MO solutions were always turbid even without hydrolysis Needless to say, all BS molecules must be consumed to form these emulsion particles.
It can be readily appreciated from Fig. -8 that the unsaturated monoglycerides are much more dispersed in the BS solution than the saturated glycerides can be solubilized in forming mixed micelles in the same solution. This difference might be the key to explain the reason why the saturated triglycerides are absorbed less effectively and the unsaturated ones are absorbed more effectively, and also might directly correspond to the difference in the interfacial tension (wettability ) between aqueous media and these glycerides as well as their melting points and densities.
In this current work, we have tried to clarify the molecular movement of monoglyceride in the unstirred water layer. Because monogycerides are hydrolyzed spontaneously into glycerol and fatty acid which are dispersible in water, it appears easy for monoglyceride to pass through an unstirred water layer on an intestinal mucous membrane. Porter et al. found no inpairment of lipolysis even in bile fistula marlin. These may indicate that the role of BS is not always essential for fat absorption in the intestine as it has so far been considered. However, it should be noted that lipase is known to act more easily for lipid hydrolysis at the oil-water interfact of emulsion and micelle which incorporate lipid in state of favorable orientation in their palisade layer. Anyway, more experiments need to be done on the more complex solutions yet. So, we shall have to pay more attention to the behavior of such a biological surfactant as lecithin, and especially to the cooperation of lecithin with BS's for the dispersion of dietary lipids. 
